This paper studies whether the introduction of tuition fees at public universities in some German states had a negative effect on enrollment, i.e., on the transition of high school graduates to public universities in Germany. In contrast to recent studies, we do not find a significant effect on aggregate enrollment rates. Our study differs from previous studies in three important ways. First, we take full account of the fact that tuition fees were both introduced and abolished in the German states at different points in time. Second, we consider control variables, which are absent in previous studies but turn out to have a significant impact on the evolution of enrollment rates. Third, we allow for state-specific effects of tuition fees on enrollment rates. We conclude that there is no evidence for a general negative effect of the recent introduction of tuition fees on enrollment in Germany. JEL-Code: H750, I220, I280.
Introduction
Higher education at public universities in Germany was free of charge until 2005. After a ruling of the German constitutional court, which allowed the German states to introduce tuition fees, seven out of the sixteen German states started to charge tuition fees at public universities in 2006 and 2007, respectively. From the start, tuition fees faced severe political opposition. As a consequence, they have already been abolished in five of the seven states that introduced them and, in the remaining two states, abolishment of fees is on the political agenda.
A major argument against tuition fees is that they negatively affect the willingness to study.
So far, however, empirical evidence on the effect of tuition fees on the willingness to study in Germany is scarce. Apart from a couple of papers that either provide anecdotal evidence or rely on descriptive statistics, there are only a few papers that try to identify a significant effect of the introduction of tuition fees on the transition of high school graduates to university.
These papers provide rather mixed evidence. Helbig et al. (2012) find no such effects of the introduction of tuition fees. The analysis of these authors, however, is based on data that merely considers the intention of high school students to enroll at university. Hübner (2012) , in contrast, considers factual enrollment numbers. This author identifies a significantly negative effect of tuition fees on enrollment rates in fee-introducing states that amounts to 2.7 percentage points in comparison to fee-free states. 1 Empirical evidence for the US and the UK tends to support such a negative relationship. 2 The German case, however, differs substantially from both the US and the UK case. Firstly, tuition fees in Germany are/were rather modest in comparison to fees in the US and the UKthey only amount/ed to 1,000 Euro per year on average. Secondly, the introduction of tuition fees was accompanied by a very comprehensive and generous public student loans program.
Thirdly, a substantial share of university students are/were exempted from tuition because of 1 Combining this result with a theoretical model on spillovers between fee states and fee-free states, Hübner (2012) even concludes that the negative effect of tuition fees on enrollment rates in fee states is closer to -4.7 percentage points than to -2.7 percentage points. 2 Based on a meta analysis of several studies between 1967 and 1982, Leslie and Brinkman (1987) conclude that an increase of $100 in college costs per year reduces the enrollment rate by 0.6 to 0.8 percentage points. Heller (1997) examines the results of several studies for the US between 1975 and 1996. This author reports a negative effect on the enrollment rate of 5 to 10 percentage points for a $1,000 increase in tuition fees. Kane (1994) considers enrollment between 1972 and 1988 and provides evidence that an increase in direct college costs of $1,000 led to a decline of 4.6 to 1.2 percentage points in enrollment rates of white high school graduates. Hemelt and Marcotte (2008) consider enrollment in public four-year colleges between 1991 and 2007 and find a negative effect on enrollment rates of 2.5 percentage points for a $1,000 increase in tuition fees. Dearden et al. (2011) show for the UK that a £1,000 increase in tuition fees results in a decrease in enrollment rates of 3.9 percentage points. specific social criteria. 3 Lastly, since only seven out of sixteen German states introduced fees, high school graduates still had the opportunity to study free of charge in Germany. 4 At first glance, all these arguments suggest that the impact of the introduction of tuition fees, if any, should be smaller than the one found in the US or in the UK. 5 In light of the scarce, mixed and, to some extent, surprising results of earlier papers we restudy the effect of tuition fees on enrollment rates in Germany. We follow the work of Hübner (2012) and estimate the impact of the implementation of tuition fees employing a difference-in-differences approach. In contrast to Hübner (2012) , however, we extend the difference-in-differences approach by explicitly controlling for different trends in the number of new high school graduates in the German states, specific high school reforms in some German states ("G-8-Abitur"), and a number of labor market variables. Furthermore, we take full account of the fact that tuition fees were both introduced and abolished in the German states at different points in time. We show that the result of a negative effect of tuition fees on enrollment rates does not hold in such a more comprehensive framework. While the number of new high school graduates and the high school reforms significantly affect the enrollment rate, the effect of tuition fees on this figure vanishes. In a further step, we disaggregate the tuition effect by considering state-specific effects of tuition fees on enrollment rates. We find significant effects for some but not all states. Yet, some of the significant state-specific effects even point to a positive impact of tuition fees on enrollment rates. This also supports the view that the result of a negative and substantial effect of tuition on enrollment rates in Germany may be doubted.
The remainder of the paper is organized as follows. Section 2 provides a brief overview of the institutional background of higher education financing in Germany. Section 3 describes the data basis employed in this paper. Section 4 considers a simple difference-in-differences approach similar to Hübner (2012) . Section 5 establishes a more comprehensive difference-indifferences model and compares the results with the results of Section 4. Section 6 briefly concludes.
Institutional Background
In Germany most universities are public. Although responsibility for the organization, administration and funding of higher education lies primarily with the sixteen German states, although in most of these states tuition fees were only charged for a short period of time. Five states have abolished tuition fees in the meantime. Table 1 gives an overview of the introduction and abolishment of tuition fees in the states. 
Data on enrollment behavior
Our empirical analysis uses data about the individual enrollment behavior of high school graduates collected by the Federal Statistical Office. The data offers information on the number of high school graduates in state i, G i , and that part of G i who enroll at a public university (regular or applied sciences) in Germany, F i . We calculate the average transition rate of high school graduates for each state by P i = F i /G i, which measures the share of graduates in state i who enroll at a public university in Germany. Note that P i includes high school graduates in state i who either enroll at a university in state i or at a university in some other state j ≠ i. We thus consider enrollment after interstate migration of students.
As Table 2 shows, the available data allows us to distinguish between students who make an immediate transition to university and students who begin their studies in one of the following years. Most high school graduates begin their studies in the year of their graduation, but the share of male students who begin one year after graduation is also very high. Within our observation period, male students were obliged to do a military service, and most students did it before they went to university. With the available data it is possible to either compute transition rates for immediate transition or for cohorts of graduates. In line with previous studies we consider immediate transition. Considering cohorts would result in the loss of observations, since the data is right censored. 
A Simple Difference-in-Differences Approach
First, we consider a simple difference-in-differences set up similar to Hübner (2012) .
Enrollment decisions of high school graduates are observed in two groups, a treatment group (graduates living in fee states) and a control group (graduates living in fee-free states), and at two points in time, before and after the policy intervention (introduction of tuition fees). In fee-states, students have to pay 500 Euro per semester on average with very little variation.
Therefore, we assume that there is no variation in the amount of fees within states, but only variation across states (fee states and fee-free states). This implies that we have similar treatment intensity in all fee introducing states.
Difference-in-differences estimates of the effect of tuition fees measure the extent to which enrollment rates of the treatment and the control groups have evolved differently after the treatment has taken place. To estimate the treatment effect, denoted by , we employ a pooled OLS regression model similar to Hübner (2012) as follows
where ! is the average enrollment rate in state i as defined in section 2, ! is a dummy Table 1 ). To make our results comparable to earlier studies, we first assume, as in Hübner (2012), that the treatment period consists of the years 2007 and 2008. In our extended framework, introduced in Section 5, we will consider the exact treatment period for each state separately. Table 3 contains the results of the estimation of equation (1).
The second column is a replication of the results of Hübner (2012) and implies a significant and negative treatment effect of 2.7 percentage points on the enrollment rate. Considering Table 4 , however, it becomes obvious that enrollment rates in the German states evolved differently -not only between fee states and fee-free states, but also within these two subgroups. In particular, enrollment rates within the two subgroups evolved differently after the treatment took place. Therefore, we also estimated equation (1) considering subsamples of the fee states as treatment group. In the third column of Table 3 we restrict the treatment group to the small states Hamburg and Saarland, whereby the control group stays constant.
Based on this sample, we find no negative treatment effect. In the last column of Table 3 , the treatment group includes states that we call "stable" states. This group consists of Bavaria,
Baden-Wuerttemberg and Lower Saxony; i.e., those states, which still charge tuition fees or only abolished them after the year 2010. Again, we find no significant treatment effect. 
An Extended Difference-In-Differences Model
The specification of the previous section does not consider the development of the number of new high school graduates in the German states. This would be of no concern if all states had a common trend in new high school graduates before and after treatment. As Table 5 shows, however, this has not been the case. The different trends across states can be attributed to different demographic development between eastern and western regions. In the eastern states, birth rates declined sharply after German reunification. Since cohorts that were born at the time of German reunification left high school in 2008 or later, the disproportional decline in the numbers of high school graduates in the eastern states coincides with the treatment period. As the control group, i.e., the fee-free states, is dominated by the eastern states, the different trends in the number of high school graduates may translate into different trends in enrollment rates. As Table 5 also shows, there are outliers in the number of high school graduates in Saarland, Mecklenburg-Western Pommerania and Saxony-Anhalt (see bold figures). These outliers are due to state-specific high-school reforms ("G8-Abitur") that had a one-time impact on the number of high school graduates.
In our extended framework, we explicitly take these developments into account by considering enrollment behavior for each state and year and by adding state-specific exogenous control variables that potentially influence enrollment behavior. We estimate the following model of state-specific average enrollment rates: 6 where λ ! measures the treatment effect in state i and z !" is a fee dummy, which assumes the value one if students had to pay tuition fees in the fall term of year t in state i. Therefore, the fee dummy varies over states and time within the group of fee states. For Lower-Saxony and North Rhine-Westphalia the fee dummy equals one already in 2006, and for Hesse the fee dummy equals one only in the year 2007. The vector !" includes state-specific time-varying control variables to be discussed in the following, ! and ! are state fixed effects and year dummies, and !" is the error term. Again, the model is estimated by weighted least squares, using as weights the number of graduates in each state.
As already discussed, the number of high school graduates in each state and year may play an important role for the development of enrollment rates. We therefore consider the log of the number of high school graduates in each state and each year as a control variable. We expect the effect of this variable on enrollment rates to be negative for two reasons. First, the supply of education does not immediately adjust to fluctuations in higher education demand (Card and Lemieux, 2001) . As a consequence, the individual chance to get a place at a university declines if the number of high school graduates increases. Second, a higher number of high school graduates may be due to a lower threshold for high school graduation (Kane 1994) . To the extent that this implies that the share of those high school graduates increases who are not inclined to pursue university studies, enrollment rates decline.
To capture possible enrollment effects associated with the sharp one-time increase in high school graduates due to the high school reforms ("G8-Abitur"), we also include a dummy variable that assumes the value one in the year before the high-school reform was implemented and is zero otherwise. Note that the sharp increase as such is already captured by the number of high school graduates. What the dummy variable considers is that a substantial share of high school graduates who would have postponed university enrollment in the absence of the high school reform, immediately enroll when they expect that in the next year the number of high graduates and, thus, enrollment figures will sharply increase.
As control variables we further include the unemployment rate and the regional ratio between the average wage for dependent employees with a university degree and high school graduates without a university degree on the state level. Both variables are related to regional labor market conditions and, hence, to the opportunity costs of enrollment in higher education as well as the potential returns of the decision to study. On the one hand, if regional unemployment is high, the opportunity costs of studying are low. In addition, high unemployment raises incentives to study, as job seekers with a university degree are less affected by unemployment. On the other hand, higher unemployment may imply a higher risk of human capital investment, to the extent that people with a university degree may also be unemployed. Thus, we are ambivalent with respect to the relationship between the unemployment rate and the decision to study. The wage ratio approximates trends in the expected future returns of studying compared to those who decide not to study. Hence, we expect the wage ratio to have a positive effect on enrollment.
In what follows, we estimate three different specifications of our extended model. In the first specification, we exclude the vector of control variables, !" , and only consider an identical treatment effect for all fee states, that is, we assume ! = . Thus, our first specification only differs from the model in Section 4 in that it considers the exact timing of the treatment period for each state. In our second specification, we include the vector of control variables, !" , but still stick to the assumption that ! = . Finally, in our third specification, we also allow ! to vary between the states. Table 6 contains the estimation results of these three specifications. As can bee seen, the simple consideration of the exact timing of treatment (specification 1) still leads to a significant negative treatment effect of tuition fees on enrollment, but the drop in the enrollment rate decreases from 2.7 percentage points (see Section 4) to 1.9 percentage points.
Once we include our additional control variables (specification 2), the treatment effect of tuition fees on enrollment rates becomes insignificant. Instead, the variables log(graduates) and high school reform, which measure variations in the number of new high school graduates, become highly significant and have the expected signs. Among the further control variables, only unemployment rate is significant. Since significance is only weak, we refrain from drawing conclusions from the negative sign of the coefficient.
If we consider state-specific treatment effects (specification 3), we find that fee coefficients vary between states in sign and significance. In fact, the hypothesis of equal fee coefficients can be strongly rejected. 7 No significant effects are found for the three large states Bavaria, reform becomes insignificant. This may be due to the fact, that high school reforms took place at the states level and are thus captured by the state-specific fee dummies. This supposition finds support in the fact that Saarland is the only fee state in which the high school reform became effective in the treatment period and has a significantly positive treatment effect of tuition fees on the enrollment rate. In order to check the robustness of our results, we consider (1) a placebo treatment, (2) anticipatory effects of the treatment, and (3) an extended data basis. For the first two specifications of our extended model we consider a placebo treatment by assuming, that tuition fees were introduced already in the year 2004 in the seven fee introducing states, i.e., one year before the judgment of the constitutional court. Table A1 shows that the fee dummy is insignificant in all specifications. To test whether students anticipated the introduction of tuition fees, we set the tuition fee dummy to 1 in all fee introducing states already in the year 2006. Table A2 shows that the treatment effect is still negative but insignificant in all specifications. Finally, Table A3 contains the results we get with an extended data basis. The extended data basis also includes those high school graduates who only have a qualification to enroll at a university of applied sciences ("Fachhochschulreife"), but not a general qualification to enroll at a regular university ("Allgemeine Hochschulreife"). Again a significant negative treatment effect in all fee states vanishes, if we add additional controls.
Conclusion
The present paper has studied whether the introduction of tuition fees had a negative effect on enrollment at public universities in Germany. In contrast to previous research that employs the same data, we do not find a significant effect on aggregate enrollment in those German states that introduced tuition fees. Our paper extends previous studies in three important ways.
First, we take full account of the fact that tuition fees were both introduced and abolished in the German states at different points in time. Second, we consider control variables which are absent in previous studies but turn out to have a significant impact on the evolution of enrollment rates. Third, we allow for state-specific effects of tuition fees on enrollment rates.
The first extension leads to a smaller but still significant effect of tuition fees on enrollment rates in the fee states. The second extension reveals a significant effect of the number of new high school graduates on enrollment rates and shows that a significant effect of tuition fees on university enrollment vanishes if different trends in the number of new high school graduates between the states are taken into account. In the third extension, we study whether the introduction of tuitions fees led to differing effects of tuition fees on enrollment within the group of the fee introducing states. We find that the treatment effect of tuition fees in fact differs substantially within the group of the fee states. Some states seem to have experienced a negative effect of tuition fees on enrollment, some states seem to have experienced no effect, and some states even seem to have experienced a positive effect. Therefore, and in contrast to previous literature, we conclude that there is no evidence for a general negative effect of the recent introduction of tuition fees on enrollment in Germany. Specification (***/**/*/): indicates significance at the 1%-/ 5%-/ 10%-level. Robust clustered standard errors in parentheses.
